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It is claimed: 



1 . An apparatus for use in performing a desired activity in an automated, 
microscale format, comprising: 
5 a) a first substrate having V first workplace defining x-y coordinates; 

one or more micropartic\es adapted for controlled movemenfa^^^said first 
iA ^^ each microparticle being^adapted for having one or more magnetic or 

(Hp (electrostatic dipoles, and one or mora of said microparticles having one or more effectors; 

c) a plurality of stations locates at different known first workplace x-y coordinates, 
10 each station being adapted to carry out \r participate in one or more selected operations 

with said microparticle effectors; 

d) a first driving structure positioned adjacent said first workplace, said driving 
structure having a plurality of first-structure drive elements selectively energizable to move 
one or more of said microparticles betweenWlected first workplace x-y coordinates, 

15 /\ through interactions of said drive elements with said microparticles' dipoles; and, 

* e) one or more controllers operatively\linked to said first-structure drive elements 

for energizing said first-structure drive elements to move said one or more selected 
microparticles between or among selected stations to accomplish said desired activity. 

-tj 20 2. The apparatus of claim 1 further comprising: 

f a) a second substrate having & second workplace, said second substrate adapted to 

be placed adjacent said first substrate to form a continuous workplace with expanded x-y 
coordinates; 

b) one or more additional stations being carried on said second substrate; and 
25 c) a second driving structure positioned adjacent said second workplace, and having 

a plurality of second-structure drive elements selectively energizable to move one or more 
of said microparticles between selected second workplace x-y coordinates, through 
interaction of said second-structure drive elements with said microparticles' dipoles, 

wherein said controller is operatively linked to said second-structure drive elements 
30 for energizing said second-structure drive elements to move one or more selected 

microparticles between or among selected stations on said second substrate, and said first- 
structure and second-structure drive elements are energizabl^ to move one or more of said 
microparticles from one substrate to another. 
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3. The apparatus of claim 1 f&rther comprising: 

a) a second substrate adapted to be placed adjacent said first substrate to augment 
microparticle movement within said first or second workplace having x-y coordinates; and 

b) a second driving structu e positioned adjacent said second substrate, and having 
a plurality of second-structure dri\ e elements selectively energizable to move one or more 
of said microparticles between sel scted first or second workplace x-y coordinates, through 
interaction of said second-structur ; drive elements with said microparticles' dipoles, 

wherein said controller is cperatively linked to said second-structure drive elements 
for energizing said second-structui e drive elements to move one or more selected 
microparticles between or among selected stations, and said second-structure drive 
elements are energizable to move < me or more of said microparticles between said first 
substrate and said second substratt 



4. The apparatus of claim/1, wherein said driving structure further includes one or 
more biasing elements effective t i) impart vertical, z-dimension forces to microparticles 



positioned or moving on said sub 
different selected z-axis position: 
direction. 

5. The apparatus of c^£ im 
for holding a selected liquid, 2 



strate, to move one or more selected microparticles to 
, or to control movement of said microparticles in a z 



1, wjaerein one or more of said stations include a chamber 
chamber opening that defines a gas/liquid interface. 



6. The apparatusSqf claim 5, wherein one or more of said driving elements, when 
energized, move one or mo^of said microparticles across said gas/liquid interface into 
and out of said chamber. 

7. The apparatus of claim 5, wherein said controller is designed or configured to 
activate said drive elements to accelerate the microparticles crossing said interface in a gas- 
to-liquid direction, and to accelerate, then bra^e the microparticles crossing said interface 
in a liquid-to-gas direction. 



8. The apparatus of claim 1, wherein said activity is laboratory activity comprising 
one of chemical synthesis, single- or multi-analyte diagnostics, and high-throughput 
screening. 
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9. The apparatus of claim 1, wherein said, stations are adapted to hold one of a 



chemical reagent, a wash reagent, or b 



ological moiety. 



10. The apparatus of claim 9, wherein said biological moiety comprise one of 
oligonucleotides, DNA, protein, enzym^p, antibody, antigen, cells, and a body fluid of a 
human or animal. < 



1 1 . The apparatus of claim L, wherein said microparticles comprise surface- 
attached chemical groups on which chemi&al compounds can be synthesized. 



\ 



12. The apparatus of claim 1, for use in a method that relies on a binding reaction 
between first and second compounds or a first compound and a biological cell, wherein at 
least one of said microparticles has surface attached first compound, and at least one of 
said laboratory stations contains said second dompound, or biological moieties. 

13. The apparatus of claim 1, for transferring material from one station to another, 
wherein one or more of said microparticles includes an effector for picking up and carrying 
such material from one station and for depositing said material at a second station. 



14. The apparatus of claim 1, wherein oi\e or more of said microparticles are 
adapted for moving in a levitated state. 



15. The apparatus of claim 14 further comprising one or more diamagnetic layers 
defining a levitation surface wherein said microparticles are adapted to stably levitate by 
diamagnetic levitaf 



r ^im4 A whe rein sai^ey:^ or in-part 

buoyant levitation? o^kurface tension levitation.^ 



Eje^par^sof 
from Electrostatic levitation, 



17. The apparatus of claimTTfiirther comprising one or more biasing elements for 
causing said microparticles to move toward or away nrom said biasing elements. 




18. An apparatus for 
automated, microscale forma 



se in performing one or more desired activities in an 
'comprising: 
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a) a substrate forming a vjorkplace expanse having an upper surface; 

b) one or more stations farmed within or adjacent said substrate; 

c) one or more trenches formed within said substrate, said trenches interconnecting 
said stations in a selected format ;o form at least one intersection, said trenches being 
capable of holding one or more liquids; 

d) one or more microparticles adapted to movably fit within said trenches, said 
microparticles each having one c r more magnetic or electrostatic dipoles and one or more 
effectors; 

e) a driving structure positioned adjacent said workplace, said driving structure 
having a plurality of drive eleme nts selectively energizable to move one or more of said 
microparticles through said trenches, through interactions of said drive elements with said 
microparticles' dipoles; and 

f) a controller operativel / linked to said drive elements for energizing said drive 
elements to move said one or m 3re selected microparticles between or among selected 
stations interconnected by said Irenches to accomplish said one or more desired activities. 



19. The apparatus of 
adapted to fit against said sul 
from said trenches. 



1 8 further comprising one or more cover structures 
ate's upper surface to form therein one or more channels 



20. The apparatus of claim 1 8 further comprising two or more electrodes for 
selectively passing one or more electrical currents through said trenches when said 
trenches are filled with one or mdre conductive media, wherein said electrical currents are 
capable of electrokinetically causing or controlling movement of one or more reagents or 
analytes within said trenches and fcetween said laboratory stations so that said reagents 
transiently contact one or more of selected microparticles when said selected 
microparticles reside at said intersections. 



30 



21 . The apparatus of claim 20 further comprising: 

a) a wash reservoir connected by a first trench to a first drain reservoir; and 



b) a reagent reservoir connec 
wherein said first and second 



led by a second trench to a second drain reservoir, 
trenches intersect to form an intersection for 
transiently exposing a microparticle na reagent, said reservoirs each having disposed 
therein an electrode adapted to electnjcally communicate with a liquid contained within 
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said reservoirs so that when a first electrical current is passed between said reagent 
reservoir electrode and said second drain reservoir electrode, reagent is electrokinetically 
introduced into said intersection for co itacting with a selected microparticle passing along 
said first trench through said intersection. 

5 

22. The apparatus of claim 21 iurther comprising one or more cover structures 
adapted to fit against said substrate's upper surface to form therein one or more channels 
from said trenches. / 

10 23. The apparatus of claim 2E wherein said intersection forms an offset double-tee 

intersection. 



24. The apparatus of claim 
positioned adjacent said one or morfe 
1 5 microparticles within said intersections 



8 further comprising one or more biasing elements 
intersection for selectively holding said selected 



25. The apparatus of claim ,HT\wherein said microparticle is adapted for moving 
within said device in a levitated Ma tot 



claiirf 25 



20 26. The apparatus of clahari 25 further comprising one or more diamagnetic layers 

defining a levitation surface wnerein said microparticles are adapted to stably levitate by 
diamagnetic levitation. 



27. The apparatus of claim 
25 from electrostatic levitation. 

28. The apparatus of claim 
from buoyant levitation. 

30 29. The apparatus of claim 

from surface tension levitation. 

30. The apparatus of claim 



25 wherein said levitated state results wholly or in-part 



25 wherein said levitated state results wholly or in-part 



25 wherein said levitated state results wholly or in-part 



25 wherein said levitated state occurs transiently. 
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31. The apparatus of claim 23 further comprising one or more biasing elements for 
causing said microparticles to move toward or away from said biasing elements. 

32. A method for performing one or more desired activities in an automated, 
microscale format, comprising the ste ds of: 

i) providing an apparatus having 

a) a substrate forming a workplace expanse having an upper surface; 

b) one or more stationslformed within or adjacent said substrate; 

c) one or more trencheslformed within said substrate, said trenches 
interconnecting said stations in a selected format to form at least one intersection, 
said trenches being capable of l olding one or more liquids; 

d) one or more microparticles adapted to movably fit within said trenches, 
said microparticles each having one or more magnetic or electrostatic dipoles and 
one or more effectors; 

e) a driving structure positioned adjacent said workplace, said driving 
structure having a plurality of d ive elements selectively energizable to move one 
or more of said microparticles t l-pwgh said trenches, through interactions of said 

articles' dipoles; and 



nked to said drive elements for energizing said 
c or more selected microparticles between or among 
by said trenches to accomplish said one or more 



drive elements with said mien 

f) a controller operative 
drive elements to move said ■ 
selected stations interconnected 
desired activities, 

and, 

ii) operating said controller to cause selected microparticles to selectively move 
between a selected sequence of stations in said apparatus to carry out said one or more 
desired activities with said selected microparticles. 

33. The method of claim 32 where said method further comprising the steps of: 

iii) further providing said apparatus with two or more electrodes for selectively 
passing one or more electrical currents through said trenches when said trenches are filled 
with one or more conductive media, wherein said electrical currents are capable of 
electrokinetically causing or controllir g movement of one or more reagents or analytes 
within said trenches and between said laboratory stations so that said reagents transiently 
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contact one or more of selected mic *oparticles when said selected microparticles reside at 
said intersections, 

iv) activating at least one of said electrodes for pass current through at least one 
channel, \ 

and, 

v) operating said controller to move at least one microparticle into said channel 
where current is passed, so that said r sagents moving in said channel contact said 
microparticle or said microparticle's ejffector if present. 



34. The method claim 33 whelrein said apparatus further comprises: 

a) a wash reservoir connected by a first trench to a first drain 
reservoir; and 

b) a reagent resejrvoir connected by a second trench to a second drain 
reservoir, 

wherein said firs : and second trenches intersect to form an 
intersection for transient y exposing a microparticle to a reagent, said 
reservoirs each having sposed therein an electrode adapted to electrically 
communicate with a li< [u flc/ontained within said reservoirs, 

and, / 
said method further ^pomj irises the steps of: 

v) passing a firstelectrickl current between said reagent reservoir electrode 
and said second drain reservoir electrode, so that said reagent is electrokinetically 



introduced into said intersection and con 
first trench through said intersection. 



acts said selected microparticle passing along said 



35. A method for carrying out or e or more desired activities in an automated, 
microscale format comprising: 

a) providing a device having thertin one or more stations, and one or more 
microparticles, each microparticle adapt* d for having one or more dipoles, and at least one 
microparticle having at least one effectoi , said device having a driving substrate with one 
or more drive elements, said drive elements being capable of acting upon said 
microparticles' dipoles to cause said microparticles to selectively move about said device 
to assume one or more different positions within said device; and 
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b) controlling said movement of said microparticles from said positions within said 



device by activating selected drive 
selected stations so that at least o 




ments to cause said microparticles to move between 
said selected microparticles is acted upon by 



iJ3 



selected stations in a desired sequei ice and manner. 

5 

36. An apparatus for uset in performing one or more desired laboratory activities in 
an automated, microscale format\comprising: 

a) a first substrate having ^vorkplace defining x-y coordinates; 

b) one or more microparticles adapted to levitate adjacent said workplace, said 
10 microparticles each having a magnetiV or electrostatic dipole, and at least one of said 

microparticles having one or more laboratory effectors; 

c) a plurality of laboratory stations located at different known workplace x-y 
coordinates, each laboratory station beinAadapted to carry out or participate in one or more 

|T selected laboratory operations with said microparticle; 

W 15 d) a driving structure positioned adjacent said workplace, said driving structure 

(=* having a plurality of drive elements selectively energizable to move one or more of said 

microparticles between selected workplace x-v coordinates, with said microparticles in a 
levitated state, through interactions of said driv^ elements with said microparticles' 
M dipoles; and 

20 e) a controller operatively linked to said dMve elements for energizing said drive 

elements to move said one or more selected microoarticles between or among selected 
laboratory stations to accomplish said desired one or more laboratory activities. 

37. An apparatus for use in performing one o\ more desired activities in an 
25 automated, microscale format, comprising: 

a) a first substrate having a workplace defining bc-y coordinates; 

b) one or more microparticles adapted to levitate adjacent said workplace, said 
microparticles each having a magnetic or electrostatic dipole, and at least one of said 
microparticles having one or more effectors; 

30 c) a plurality of laboratory stations located at different known workplace x-y 

coordinates, each' station being adapted to carry out or participate in one or more selected 
operations with said microparticle; 

d) a driving structure positioned adjacent said workplace, said driving structure 
having a plurality of drive elements selectively energizable tip move one or more of said 
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microparticles between selected workplace x-y coordinates, with said microparticles in a 
levitated state, through interactions of said drive elements with said microparticles' 
dipoles; and 

e) a controller operatively linked to said drivfe 
elements to move said one or more selected microparticles between or among selected 
stations to accomplish said desired one or more activities. 



38. The apparatus of claim 37, wherein said f rst substrate has a diamagnetic layer, 



said one or more microparticles are magnetic microp 



elements for energizing said drive 



irticles, and said microparticles 



levitate adjacent said workplace by diamagnetic levit; 



;;ition. 



39. The apparatus of claim 37, wherein said s 
of fluid in which said microparticles are buoyant, and 
said workplace by buoyancy. 



nbs 



trate is adapted to support a layer 
said microparticles levitate adjacent 



40. The apparatus of claim 37, wherein said 
of fluid having a surface displaying surface tension uppn 
supported against. 



si bstrate 



41 . The apparatus of claim 40, wherein said mi croparticles have a density greater 



than that of said fluid, and said surface tension is suffi 
above said surface. 



is adapted to support a layer 
which said microparticles are 



ient to support said microparticle 



42. The apparatus of claim 40 wherein said microparticles have a density greater 
than that of said fluid, and said surface tension is sufficient to retain said microparticles 
below said surface when upwardly biased. 



43. The apparatus of claim 37 further comprising: 



iaid second substrate adapted to 



a) a second substrate having a second workplace, 
be placed adjacent said first substrate to form a continuous workplace with expanded x-y 
coordinates; 

b) additional laboratory stations carried on said second substrate; and 

c) a second driving structure positioned adjacent siid second workplace, and having 
a plurality of second-structure drive elements selectively energizable to move one or more 
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of said microparticles between selected second workplace x-y coordinates, with said 
microparticles in a levitated state, througtt interaction of said second-structure drive 
elements with said microparticles' dipolus, 

wherein said controller is operati 'ely linked to said second-structure drive elements 
for energizing said second-structure drivd elements to move one or more selected 
microparticles between or among selected! laboratory stations on said second substrate, and 
said drive elements of said two drive structures are energizable to move microparticles 
from one substrate to another. 



44. The apparatus of claim 37 further comprising: 

a) a second substrate adapted to be pjaced adjacent said first substrate to augment 
microparticle levitation within said first or second workplace having x-y coordinates; and 

b) a second driving structure positioned adjacent said second substrate, and having 
a plurality of second-structure drive elements selectively energizable to move one or more 
of said microparticles between selected first or second workplace x-y coordinates, with 
said microparticles in a levitated state, through interaction of said second-structure drive 
elements with said microparticles' dipoles, 

wherein said controller is operatively lifoked to said second-structure drive elements 
for energizing said second-structure drive elements to move one or more selected 
microparticles between or among selected laboratory stations, and said second-structure 
drive elements are energizable to move microp^ticles between said first substrate and said 
second substrate. 



45. The apparatus of claim 37, wherein said driving structure further includes one 
or more biasing elements effective to impart vertical, z-dimension forces to microparticles 
levitating on said substrate, to move one or more selected microparticles to different 
selected z-axis positions, or to control movement of said microparticles in a z direction. 



46. T#8 
include a ch 
gas/liquid inter 




apparatus of claim 37, wherein one or more of said laboratory stations 
)er JSzTr holding a selected liquid, and an chamber opening which defines a 



ace. 
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47. The apparatus of claim 46, wherein one or more of said driving elements, when 
energized, move one or more of said microparticles across said gas/liquid interface into 
and out of said chamber. 

48. The apparatus of claim 46, wherei/i the controller is designed or configured to 
activate the drive elements to accelerate micyoparticles crossing said interface in a gas-to- 
liquid direction and to accelerate, then brakf microparticles crossing said interface in a 
liquid-to-gas direction. 



10 

0 



15 



49. The apparatus of claim 46, wfierein said activity is a laboratory activity 
comprising one of chemical synthesis, ^ngle- or multi-analyte diagnostics, and high- 
throughput screening. 

50. The apparatus of claim 46, wherein said laboratory stations are adapted to hold 
one of a chemical reagent, a wash reagent, or biological moiety. 



20 



25 
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51. The apparatus of claim 50, wherein said biological moiety comprises one of 
oligonucleotides, DNA, protein/enzyme, antibody, antigen, cells, and a body fluid of a 
human or animal. 



52. The apparatus 
comprise surface- attached chemic 
synthesized. 



of claim| of claim 37, wherein one or more said microparticles 
1 groups on which chemical compounds can be 



53. The apparatus of claim 
between first and second compound, 
least one of said microparticles haj 
said laboratory stations contains 



38, for use in a method that relies on a binding reaction 
ds or a first compound and a biological cell, wherein at 




54. The apparatus of-efairr 
to another, wherein at least one of 
and carrying such material from oi 
station. 



urface attached first compound, and at least one of 
second compound or biological cells. 



37, for transferring material from one laboratory station 
said microparticles includes an effector for picking up 
e station and for depositing said material at a second 
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55. A microparticle for i se in carrying out micro-scale activities comprising: 

a) a magnetic substrate cl laracterized by (i) a surface having a maximum dimension 
between about 50 micrometers amd about 3 millimeters, (ii) a first magnetic dipole whose 
magnetic field lines are substantially normal to said surface, and (iii) an energy density of 
at least 10 megagauss-oersted, sucji that said microparticle, when placed flat-surface down 
on a diamagnetic surface, is able i o levitate on said surface; and 

b) a region on said magnetic substrate having an effector for carrying out or 
participating in a selected chemic al operation. 

56. The microparticle of claim 55, wherein said magnetic substrate is formed of 
rare earth metals. 

57. The microparticle of claim 55, wherein the microparticle is substantially disc 
shaped, spherical, or spheroidal 



58. The microparticle o 
between about 50 and about 50; 




59. The microparticle 
readable by a code reader, Jdrpv 



25 61. The microparticle o 

chemical groups that can support 



claim 55, wherein said surface has a maximum dimension 
crons. 

laim 55, further comprising positionally encoded indicia 
of identifying said microparticle. 



pu rposes 



60. The microparticle of} claim 55, wherein said effector includes surface-attached 
biopolymer molecules. 



62. The microparticle 
are functional groups adapted 



claim 55, wherein said effector includes surface-attached 
polymer synthesis. 

claim 60, wherein said surface-attached chemical groups 
f )r polymer synthesis. 



63. The microparticle 
to interact with other 
microparticles. 



of claim 55, wherein said effector is a manipulator effective 
micropaifticles to transfer chemical material to or from such other 
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64. The microparticle of cl^im 55, wherein said effector is a sensor adapted to 
sense a target material or event. 



65. The microparticle of 
directed magnetic poles. 



um 55, formed of two or more regions with oppositely 



66. An apparatus for exposing a microparticle to a plurality of liquid, comprising: 

a) a diamagnetia substrate having a workplace defining x-y coordinates, and on 
which said microparticleVan levitate; 

b) a plurality of stations located at different known workplace x-y coordinates, each 
station having a chamber foV holding a selected liquid, and a chamber opening forming a 
gas/liquid interface when saiM chamber contains such liquid, each station being adapted to 
carry out or participate in one or more selected operations; 

c) a driving structure positioned adjacent said workplace, said driving structure 
having (i) a first set of drive elements selectively energizable to cause an interaction 
between selected energized drive elements and one or more selected microparticles, to 
move said microparticles between selected workplace x-y coordinates, with said 
microparticles in a levitated state, through interaction of said drive element with said 
microparticles 5 dipoles, and (ii) a second set of drive elements associated with each station, 
selectively energizable to cause an interaction between selected energized drive elements 
and one or more selected microparticlea to move said microparticles across said gas/liquid 
interfaces at said laboratory stations; anc 

d) a controller operatively linked tb said first and second sets of drive elements for 
energizing said first and second sets of drivte elements to move said one or more selected 
microparticles between or among selected laboratory stations, and in and out of laboratory 
stations, to accomplish said desired laboratory-activity. 



67. The apparatus of claim 66, whereimsaid laboratory stations are substantially in- 
plane with said x-y movement of said microparticles on said substrate, and said chamber 
opening includes a capillary port communicatingipetween interior of said chamber and said 
workplace. 
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68. The apparatus of claim 66, wherein said second set of drive elements includes, 
for each station, an exterior drive elemenyon said external side of said station's port, and an 
internal drive element on said internal sMe of said station's port. 




10 



69. The apparatus of claim 66, wherein said interior and exterior drive elements 
each includes first and second electromagnetic coils disposed on opposite lateral sides of 

^\ said capillary port. 

70. The apparatus of claim 68, {wherein said interior drive element associated with 
each station is energizable to move said microparticles into said chamber, and said exterior 
drive element associated with each station is energizable to move said microparticles out of 
said chamber. 



j 71 . The apparatus of claim 70, wherein the movement out of the chamber further 

^15 comprising braking after accelerating. 



^ 20 



72. The apparatus of claim 71, wherein said braking further includes de-energizing 
said drive element, and using said liquid to brake said microparticle. 

73. The apparatus of claim 71, wherein said braking further includes a combination 
of reverse energizing sa id diyve element to brake said microparticle along with using said 
fluid to further\ralke ssid^microparticle. 



74. The at 



he ap 3ar 

25 reverse-energizing^paid drive element. 



aratus of claim 71, wherein said braking is entirely achieved by 



30 



75. The apparatus of claim 66 wherein one of more said laboratory stations has one 
or more chambers, each chamber separated from other chambers by a capillary port 
designed or configured tA contain a gas and defines a gas/liquid interface between each 
chamber and said capillaw port, when said chambers are filled in liquid. 

76. The apparatusiof claim 75, wherein a plurality of laboratory stations are 
arranged in a hub-and-spoke arrangement comprising a central station having a chamber 
with one or more central station connecting ports, and radial-spoke stations, one or more of 
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said spoke stations having a chamber and one or more connecting ports, at least one of said 
spoke station connecting ports, and said hub station connecting ports having a capillary 
segment intended to contain a gas and define a gas/liquid interface between each chamber 
and said capillary port, when said chambers are filled with a liquid. 




77. The apparatus of claim 66, wherein said/chamber is defined by a cavity formed 
in said substrate, said chamber opening is formed by an upper surface of liquid contained 
in said cavity, and said second set of drive elements are energizable to move said 
microparticles in a substantially z direction across said gas/liquid interface into and out of 
said chamber. 



78. The apparatus of claim 77, wherein said second set of drive elements 
associated with such cavity-defined chamber include, exterior and interior drive elements 
disposed on exterior and interior sides of said chamber opening, respectively. 



79. A method of ejec ting a microparticle from a liquid comprising the steps of: 



i) providing the devi 

ii) selectively ener; 
accelerate microparticles e; 
interface into said station's 



initially accelerate said micr 
microparticle passes througt 




e of claim 78, 

g said interior drive element associated with a station to 
al to said gas/liquid downwardly across said gas/liquid 
r amber, 



iii) selectively energizing said exterior drive element associated with said station to 



^particles within said station's chamber upwardly, as said 
said liquid/gas interface, and 
iv) then selectively dbergizing said exterior drive element to brake said movement 
of said microparticle after tit l^as passed such interface. 

^ 80. An apparatus fbr use in performing multi-particle operations, comprising: 

\^\ a ) a substrate having aW>rkplace defining x-y coordinates; 

j b) a plurality of micropart^les adapted to levitate adjacent said workplace, said 

microparticles each having a magnetic dipole; 

c) a driving structure positioned adjacent said workplace, said driving structure 
having a plurality of drive elements selectively energizable to move a linear train of 
selected microparticles coordinately between sheeted workplace x-y coordinates, with said 
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microparticles in a levitated state, through interactions yt said drive elements with said 
microparticles' dipoles; and 

d) a controller operatively linked to said drivef elements for energizing said drive 
elements to move said microparticles between or a^iong selected x, y coordinates to 
accomplish said multi-particle operation. 

81. The apparatus of claim 80, wherein/said microparticles in said train are 
magnetically coupled in a direction of train movement. 

82. The apparatus of claim 80, wherein said microparticles in said train are 
magnetically uncoupled in a direction of train movement. 

83. The apparatus of claim 80, wherein said controller is designed or configured to 
add or remove selected microparticles to £aid train, as said train is moved from one region 
on said workplace to another. 



84. A controller for o 
controller comprising: 

a controller circuit 
adjacent a workplace surface 
communication with said 
one or more selected drive 
produce an attracting force or 

said one or more mi« 
by levitation condition, sail 
regions, each of said one or 
force or repelled by said 
wherein said attracting force 
said selected drive element to 
causes at least one of said one 
drive element. 



c ntrolling movement of one or more microparticles, said 



ad* pted 



controller, 
el( ments 



to send signals to energize one or more drive elements 
defined by a substrate, said one or more drive elements in 
, wherein said signals are selectively communicated to 
to energize said selected drive elements to selectively 
a repelling force, 

articles adapted to levitate adjacent said workplace surface 
r more microparticles each having one or more polar 
re polar regions capable of being attracted by said attracting 
force, 

causes at least one of said one or more microparticles adjacent 
move towards said drive element, and said repelling force 
or more microparticles to move away from said energized 




85. An apparatus for d 
laboratory device having therei 




vement of microparticles within a micro 
more locations comprising: 
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a) a substrate having an upper surface; 

b) one or more drive element track looAs for moving said microparticles about said 
substrate surface , said loops each defining aioop path and each loop comprising a 
plurality of drive elements adapted to cause/selective movement of said microparticles 

5 along said loop path by electrostatic or magnetic interactions between said microparticles 
and said drive elements so that a selectedmiicroparticle will move along a selected loop 
path when said drive elements of said loop are selectively activated; 

c) one or more biasing elements/adjacent one or more of said loop paths for 
attracting, holding, and/or repelling said microparticles traveling along said loop paths and 

10 by said biasing elements, said biasing elements being adapted to attract, hold, and/or repel 
said microparticles traveling by said/biasing elements when activated; and 

d) a controller device for selectively activating said drive elements of said loops 
13 and selectively activating said biasing elements to transiently form one or more routes 

r-p between two or more desired locations within said device for causing directed movement 

!~I 15 selected microparticles to said desired locations within said microlaboratory device. 

Jq 86. The apparatus of c/aim 85 further comprising: 

!L_ a route formed by transiently creating an apparatus state of a first loop having 

W a first biasing element being adapted to hold and release a selected microparticle 

l=r§ 20 when activated and deactivated, 

[*f one or more second biasing elements being adapted to direct movement of said 

released microparticle fronrsaid first loop's path to one or more intermediate loops 1 paths 
subsequently adjacent saidf first loop's path when activated and deactivated, 

and a third biasing element being adapted to attract and hold said released 
25 microparticle traveling along said intermediate loops' paths so that when said microparticle 
passes said third biasingf element, said microparticle is captured and selectively held by 
said third biasing element. 



87. The apparatus of claim 85 further comprising: 
30 one or more/oop detectors adapted for detecting said microparticles when passing 



by said loop detector, said loop detectors being in communication with said controller for 
providing feedback information on the movement of microparticles throughout said 
apparatus. 
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88. The apparatus of claim 87 wherein at least one Jpop detector is adapted to 
detect an identification code uniquely associated with eacn microp article. 



10 



15 



20 



25 



30 



89. A method for directing movement of microparticles within a device having 
therein one or more locations comprising the steps ofy 
i) providing said device, said device having 

a) a substrate having an upper surfac 

b) one or more drive element track^oops for moving said microparticles 
about said substrate surface , said loops each defining a loop path and each loop 
comprising a plurality of drive element/ adapted to cause selective movement of 
said microparticles along said loop pam by electrostatic or magnetic interactions 
between said microparticles and saicy drive elements so that a selected microparticle 
will move along a selected loop paj/n when said drive elements of said loop are 
selectively activated; 

c) one or more biasing elements adjacent one or more of said loop paths for 
attracting, holding, and/or repe/ling said microparticles traveling along said loop 
paths and by said biasing elements, said biasing elements being adapted to attract, 
hold, and/or repel said microparticles traveling by said biasing elements when 
activated; and 

d) a controller device for selectively activating said drive elements of said 
loops and selectively activating said biasing elements; and, 



ii) transiently forming one or _ 



routes between two or more desired locations within 



said device and directing movement of selected microparticles to said desired locations 
within said microlaboratory device using said routjes. 



90. A method foi 
microscale format, comprising the stej 
i) providing a devicje Having 



performing one oy*K>re desired activities in an automated, 



a) a 



b) one or more microparticles adapted to levitate adjacent said 



workplace, 
dipole, and 



irst substrate having a workplace defining x-y coordinates; 



said microparticles each having a magnetic or electrostatic 

at least one of said microparticles having one or more effectors; 
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c) a plurality of staticms located at different known workplace x-y 
coordinates, each station being adapted to carry out or participate in one or 
more selected operations Xvith said microparticle; 

d) a driving structure positioned adjacent said workplace, said 
driving structure having a plurality of drive elements selectively energizable 

e) a controller operatively linked to said drive elements for 
energizing said drive elements 

and, A ) 

ii) operating said comrpller to engFgize selected drive elements such that one or 
more of said microp articles mw©s*t5etween selected workplace x-y coordinates, with said 
microparticles in a levitated state, through interactions of said drive elements with said 
microparticles' dipoles to accomplish said desired one or more activities. 
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